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SUMMARY 


he Department of National Defence 
} (DND), the Department of Indian Affairs 
and Northern Development (DIAND) 
and Environment Canada (EC) held a workshop 
in Edmonton, Alberta, on June 8" and ” 1998, 
to examine the technical feasibility of landfilling 
PCB-amended painted materials in the north. 


DND discovered high levels of PCBs in 
paint on construction materials while 
decommissioning certain facilities at Canada’s 
Distant Early Warning (DEW) Line Sites. 
Initially the demolition debris was to be 
landfilled, however, due to the presence of PCBs 
this was not possible. Current policy and 
regulations do not permit landfilling PCBs and 
PCB contaminated materials. 


Thirty-nine professionals from academia, 
government, Inuit organizations and consulting 
firms participated in the workshop. A series of 
invited speakers provided background 


information and presented technical papers on 
the latest research findings to insure that all 
participants were well informed on the issues. 
Based on the information presented at the 
workshop, a consensus was reached that the 
potential for PCB release from paint in landfills 
is low at ambient temperatures in the north. 
The participants also agreed that in order to 
consider landfilling as a viable option for the 
disposal of demolition materials coated with 
these paints, the landfill would have to be 
properly sited, engineered and designed. The 
participants then established minimum design 
criteria that needed to be considered prior to 
proceeding with this type of landfill. 


Information gaps and issues identified for 
further study were related to the bioavailability 
of PCB in paint or PCB release from paint, the 


environmental monitoring of a landfill site in the 


north, the landfill design, and the applicability 
of the current leachate testing methodology. 
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WorKSHOP PROCEEDINGS 


Introduction 


The Department of National Defence (DND), 
the Department of Indian Affairs and Northern 
Development (DIAND) and Environment 
Canada (EC) held a workshop to examine the 
technical feasibility of landfilling PCB-amended 
painted construction materials. The workshop 
was held in Edmonton, Alberta, on June 8" and 
OE TLIO S: 


Thirty-nine individuals representing 
government, academics, Inuit organizations and 
consultant firms, selected for their knowledge, 
experience and expertise, participated in the 
workshop (Appendix A). The primary goal of 
the workshop was to reach consensus from a 
scientific and technical perspective on the 
feasibility of landfilling PCB-amended painted 
materials as an alternative to the current 
methods of PCB disposal. 


Prior to the workshop, a discussion paper 
entitled Discussion Paper on the Technical 
Feasibility for the Landfilling of Building Materials 
Coated with PCB-Amended Paint, was written by 
Dr. Mark Richardson of O’Connor Associates 
(Appendix C). Dr. Richardson gathered as much 
information as was available on the use of PCB- 
amended paints, how PCBs may be released 
from paints and transport, migration and 
degradation of PCBs in the environment. This 
paper is a compilation of available scientific and 
technical information and provided a baseline 
for the workshop discussion. Each workshop 
participant was supplied with this paper for 
review prior to the workshop. 


A series of speakers presented additional 
current research findings and technical 
information to insure that all participants were 
well informed on the issues. 


This report presents the consensus 
reached, points of discussion, any alternative 
points of view, information gaps and outlines 
minimum design criteria for a landfill containing 
PCB-amended paints in the North. In addition, 
the workshop identified short-term scientific 
research that is necessary to close knowledge 
gaps, establish next steps required toward 
decommissioning of facilities such as Distant 
Early Warning (DEW) line sites and determine 
what qualifies as acceptable risk. It is 
recommended that research continue to fill the 
information gaps identified during the 
workshop. 


Consensus Statements 


Based on information presented at the 
workshop, consensus was reached on the 
following statements. For a detailed account of 
the discussions surrounding these statements 
refer to Appendix D. 


1. In the current condition with buildings 
exposed to the elements, the physical 
weathering of paints (flaking, peeling etc.) is 
the primary mechanism for the breakdown 
of the paint’s physical integrity. 


2. In the current condition with buildings 
exposed to the elements, wind and water 
erosion of particulate matter are the primary 
mechanisms for movement of paint particles 
away from the source (site). 


3. Standard leachate tests [Ontario regulation 
347, EPA Toxic Characteristics Leachate 
Procedure (TCLP)] demonstrate low release 
of PCBs out of paint. Experimental results 
demonstrate that volatilization of PCBs out 
of paint is low at ambient conditions in the 
North. There was a question as to the 
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reliance of the leachate test to accurately 
predict the rate and/or concentration from 
which PCBs leach from the paint matrix. 
This should be examined through 
subsequent work. 


4. The potential for PCB release from paint in 
landfills is very low at ambient temperatures 
in the North, in a properly sited, engineered 
and designed landfill, relative to other PCB 
sources in the area. 


5. There is very low potential for chemical and 
biological release of PCBs from paint 
because: 

a) leachate tests show low release of PCBs 
out of paint; 

b) volatilization of PCBs out of paint is low 
at lower temperatures; and 

c) the potential for biotransformation of 
PCBs within a paint matrix is low. 


6. Landfilling is a viable option if implemented 
properly. Landfill design should consider but 
not be restricted to the criteria as presented 
in the following section, landfilling criteria. 


Criteria for a Landfill Solution 


Based on information presented at the 
workshop, there was consensus among 
participants that landfilling construction 
materials painted with PCB-amended paints is a 
viable option for disposal, provided that 
minimal criteria are met when considering 
landfill design. The participants agreed that 
landfill design must be suitably engineered by a 
professional. It is important to acknowledge, 
however, that continued research is necessary to 
fill the information gaps identified during the 
workshop. The following is a compilation of 
landfill criteria identified by individual 
discussion groups and does not necessarily 
represent the opinion of all workshop 
participants. For a more detailed account of 
landfill criteria see Appendix D, section 2. 


1. Landfill design must be adaptable to allow 


for the specific site conditions. It is unlikely 
that one landfill design will accommodate all 
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sites, however, it may be possible to group 
sites of similar characteristics (i.e. geology, 
topography, permafrost, and drainage) and 
design appropriate landfills to accommodate 
these groupings. 


The geology, topography, drainage and 
permafrost of each site must be considered in 
the design phase. While consensus was not 
reached as to whether or not landfilling 
should occur within the permafrost, it was 
agreed that landfills should be designed to 
allow freeze-back where possible. Freeze- 
back will add structural stability, slow 
degradation of the painted wood, provide a 
barrier to burrowing animals, diminish 
leaching, and reduce water infiltration and 
outflow. 


Landfill sites should avoid drainage 
pathways and reduce the amount of outflow 
from the landfill. Particulate leachability 
could be increased with prolonged contact 
with water; also, water outflow from the 
landfill could potentially provide a 
mechanism for PCB-painted particles to 
enter the environment. It is therefore 
important to minimize water infiltration. 
This can be accomplished by grading, 
installing a liner or a waterproof cap, or 
locating material totally within the 
permafrost below the active layer i.e. 
encourage freeze-back. 


Landfills used for the disposal of materials 
painted with PCB-amended paints should be 
isolated from other landfills. This is largely 
an issue of physical stability and the current 
state of dumps in the North. A proper site 
investigation and risk assessment should be 
completed for new landfills. 


It is essential that demolition materials be 
landfilled separately from other wastes. 
There should be separation of PCB-amended 
paints from all solvents, oil, hydrocarbons 
and other liquid wastes as there is a higher 
potential for release of PCBs if the paint is 
exposed to these wastes. 


6. Attempts should be made to mitigate the 
effects of wind erosion. The site should be 
properly landscaped to match the 
surrounding environment, maintaining the 
integrity of the landfill thereby reducing the 
potential for erosion and PCB migration. 
Efforts may be site specific and include 
vegetative cover, rock cover, mats or mesh 
wire. 


7. Liners between the debris and surrounding 
soil are not necessarily required, since the 
permafrost should act as a natural barrier to 
infiltration and the PCBs are trapped in the 
paints, however liners should be considered 
on a site by site basis. 


8. Materials going into the landfills should be 
segregated vertically with higher and lower 
concentration PCB-amended painted 
materials located on the bottom and top of 
the landfill respectively. As the sites are 
disassembled, construction materials should 
be maintained in large pieces to avoid the 
flaking of paint. Fill can be used around the 
construction materials in a landfill to 
eliminate voids and maximize compaction. 
This will reduce wildlife activity such as 
burrowing and denning within the landfill. 


9. Because we do not have a good 
understanding of how wood decomposes in 
an arctic landfill, microbial activity should be 
minimized. There is the potential that 
decomposing wood could destabilize the 
landfill over time. Limiting the amount of 
water and organic debris (other than 
painted wood) in the landfill would further 
discourage microbial activity. 


10. Discourage burrowing and denning animals. 


11. Proper documentation such as detailed site 
locations and detailed accounts of materials 
placed within the landfill must be 
maintained. 


12. A comprehensive monitoring program must 
be implemented (see issues for further 
details). 


Knowledge Gaps/Information 
Gaps 


A variety of discussion and questions were 
generated over the course of the workshop. 
Through the knowledge base and expertise of 
the participants, most of the questions were 
satisfied during the workshop. There were, 
however, two knowledge gaps (1 & 2) identified 
that merit further attention before landfilling is 
permitted and two knowledge gaps (3 & 4) that 
although not critical to the process, would 
increase our understanding of landfilling in the 
North. They are as follows: 


1. Will the presence of burrowing animals such 
as ground squirrels, jeopardize the structural 
integrity of the landfill and/or create a 
pathway for bioaccumulation and migration 
of PCBs? If freeze-back is maintained, will 
this still pose a problem? 


2. Are PCBs in paints bioavailable? 


3. What is the fate of wood in an arctic 
landfill? At what rate does wood 
biodegrade? 


4. What are the impacts of white rot fungus 
and/or microbial activity on the release of 
PCBs from paints? 


Issues 


Five issues were identified that should be 
addressed before landfilling is implemented. 
They are as follows: 


1. A monitoring program must be 
implemented. This includes visual 
monitoring for physical and structural 
compromise, monitoring of outflow, 
monitoring the temperature variation within 
the landfill and auditing to ensure these 
programs are properly implemented. A 
groundwater monitoring program, of 
chemical and biological components needs to 
be carefully considered and parameters for 
the system should be studied. The water 
quality in the active layer down gradient of 
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the site must be monitored. Bio-monitoring 
of wildlife that live on site is required. The 
temperature as a function of depth must be 
monitored and maintained if freeze-back is 
to be considered in the design and is only 
necessary in the fill. Some form of time scale 
for monitoring must be established. 


How should paint chips left on site after 
building demolition be dealt with to reduce 
their dispersal into the environment? 


Does the 50-ppm PCB regulation include the 
mass of the material to which the PCB- 
amended paints are adhered, or is it 
restricted to the paint? 


At what rate do paints degrade? 


How do paints react upon ingestion and 
what is the bioavailability of PCBs in paints 
for absorption from the gastro-intestinal 
tract? 


The Next Steps 


ie 


4 


Produce workshop documentation. 
Distribute workshop reports to participants 
for review and feedback. 


Address the identified information gaps and 

issues, 

¢ A literature search should be 
accomplished to review bioavailability 
studies of PCB intake and to understand 
the behaviour of regional fauna (e.g. 
ground squirrels) as it relates to the 
stability of landfills. 
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¢ The availability of white rot fungus in the 
arctic is unknown. The University of 
British Columbia will work with wood 
samples from the North to check for 
white rot fungus and levels of 
biodegradation. 


¢ The reliability of the standard leachate 
test [Ontario regulation 347, EPA Toxic 
Characteristics Leachate Procedure 
(TCLP)] for PCBs must be verified. 


¢ Obtain information on degradation rates 
of paint, and how this may relate to 
landfilled materials. 


Implementation of a process to consider an 
amendment to the policy. Public 
consultation, landfill criteria and monitoring 
protocol development will be considered. 


Consultation / communication at the 
community level. Data should be 
summarized and interpreted in a manner 
suitable for presentation to community 
groups. 


. Design a landfill monitoring protocol. 


Suggestions from the scientific and technical 
participants of this workshop will be 
considered. Funding commitments should be 
made by appropriate departments after a 
policy decision or change in regulation has 
been made. 


Landfill Criteria 


Group A 


Minimize water infiltration through 
grading, liner or waterproof cap. 

No co-disposal with organic solvents. 
Encourage freeze-back. 

Material should be landfilled within the 
permafrost, below the active layer. 
Minimize the outflow of paint particles. 
Discourage wildlife. 


Group C 


Designed by a professional engineer. 
Promote freeze-back. 

Liner is not required to collect leachate. 
Materials should be segregated vertically 
with painted materials located on the 
bottom. 

No hydrocarbons to be landfilled with 
PCBs. 

Landfill in the permafrost where possible. 
Thermal and visual monitoring. 

Require good site information. 


Group B 


Separate and document materials. 
Do not extend existing landfill sites. 
Avoid drainage pathways. 
Maintain landscape integrity. 
Annual monitoring for thermal 
conditions; structural stability, and 
outflow sampling. 

Slope should be 3-1 or 4-1 depending on 
available materials. 

Increase the understanding of site 
geology in site selection. 
Re-vegetation is recommended as 
necessary. 


Group D 


Flexible design strategy to accommodate 
different site characteristics. 

Subsurface liners are not necessary as 
paints will likely outlive the liner. 

Avoid drainage pathways and surface 
water. 

Mitigation of wind erosion; this will be 
site specific and could include vegetative 
cover, rock cover, mats, mesh wire. 
Establish a monitoring program both 
physical (visual inspection and 
groundwater monitoring). 

Audit the monitoring institution and hold 
accountable. 

Promote freeze-back if possible. 
Minimize the amount of organic material 
to painted wood. 

Minimize water infiltration. 

Minimize microbial activity. 
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APPENDIX B 
SPEAKERS’ BIOGRAPHIES AND ABSTRACTS 


The Technical Feasibility for the Landfilling 
of Building Materials Coated with PCB- 
amended Paint 


Dr. Mark Richardson 

O’Connor Associates Environmental Inc. 
Clarendon Avenue 

Ottawa, Ontario K1Y 0P2 


Dr. Richardson has worked with O’Connor 
Associates in Ottawa since September 1995. His 
work primarily focuses on risk assessment. Prior 
to his appointment with O’Connor Associates, 
Dr. Richardson managed a program for Health 
Canada on contaminants in soil and hazardous 
waste sites. He received his Ph.D. in biology 
from the University of Ottawa. Dr. Richardson 
was contracted by Environment Canada to 
provide a literature search and write the 
discussion paper The Technical Feasibility for the 
Landfilling of Building Materials Coated with PCB- 
Amended Paint. 


Indian and Northern Affairs Canada 
(INAC), the Department of National Defence 
(DND) and Environment Canada (EC) must 
determine if landfilling of these building 
materials and debris on-site at each of the DEW 
Line installations is a viable and safe waste 
management option. Dr. Richardson of 
O’Connor Associates Environmental Inc. was 
commissioned by Environment Canada to 
prepare a discussion paper on specific technical 
issues requiring consideration and resolution 
before the feasibility of landfilling of PCB- 
painted demolition debris can be determined 
(Appendix C). 


Nunavut Tunngavik Concerns 


David General 

Nunavut Tunngavik Incorporated. 
P.O. Box 18 

Cambridge Bay, NWT X0OE 0CO 


Mr. General holds an MBA from McMaster 
University in Hamilton, Ontario. Following 
completion of that degree, he spent 3 years in 
Management Consulting, in the Department of 
Economics and Quantitative Analysis, for 
KPMG in Toronto. Since that time he has 
worked as Senior Corporate Investment Planner 
for Crown Life in Regina, prior to being 
recruited by Kitikmeot Corporation, and 
selected as Chief Negotiator for Nunavut 
Tunngavik (NTI) with National Defence. 


After four years of negotiation between 
Nunavut Tunngavik Incorporated (NTI) and the 
Department of National Defence a positive 
conclusion is being reached. Both sides believe 
that we have developed an environmental 
protocol that represents a high standard for the 
environment of NTI, in the clean-up of the DEW 
Line sites. No objective is more important than 
ensuring that the Inuit of Nunavut who 
maintain a traditional lifestyle and consume 
local fish and wildlife, can live without fear that 
their environment does not threaten the health 
of themselves or of their children. 


The PCB-in-Paint issue is a major concern 
of the Inuit of Nunavut, and is quite possibly a 
more consequential issue in Nunavut than 
elsewhere in Canada. Conclusions which are 
reached during this conference, and the 
subsequent decisions reached by the federal 
government, will have a powerful impact on the 
inhabitants of Nunavut. Cost should not be a 
factor in this decision, but rather protection of 
the environment. NTI’s objective is to see that 
the health and future of the Inuit are protected 
indefinitely. 


We believe that when this conference 
concludes, there should be sufficient information 
in place to make decisions, and to proceed to 
implement those decisions. However, James 
Eetoolook has expressed concern that the clean 
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up of the DEW Line sites located in Nunavut 
may be delayed. This is not acceptable. It is 
imperative that conclusions are reached quickly, 
and that decisions reached protect our 
environment. It is imperative that full-scale 
remediation of these sites is not delayed. 


PCBs at DIAND DEW Line Sites 


Dr. John Poland 

Analytical Services Unit 

School of Environmental Studies 
Queen’s University 

Kingston, Ontario K7L 3N6 


Dr. Poland has been a Director with the 
Analytical Services Unit of Queen’s University 
for 18 years and a Director with the Analytical 
Services Unit of the Royal Military College for 
three years. Dr. Poland’s main area of research 
is analytical chemistry and environmental 
engineering. He is Project Manager for DIAND 
on Resolution Island and does work on military 
sites in the Arctic. 


It is likely that any PCBs found at the 
DIAND DEW Line sites originated from either 
electrical components or from paint used at the 
sites. The presentation will discuss where the 
PCBs are found at the sites and the levels found 
in paint and in the ecosystem. The site at Sarpca 
Lake will be discussed in detail, particularly 
with respect to the excavation of a landfill/ 
dump that was carried out in 1996 and 1997. 


The Concentration and Distribution of PCBs 
at DND DEW Line Sites Facilities 


Dr. Ken J. Reimer and Dr. Wayne Ingham 
Environmental Sciences Group 

Royal Military College of Canada 

Kingston, Ontario K7K 7B4 


Dr. Ken Reimer is a Professor of Chemistry and 
Chemical Engineering at the Royal Military 
College of Canada and a Director of the 
Environmental Sciences Group at RMC. The 
Environmental Sciences Group has been doing 
work in the Arctic for over ten years and has 
conducted over sixty environmental assessments 
and been involved in over a dozen clean-ups. 
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Dr. Wayne Ingham has been with the 
Environmental Sciences Group at RMC for five 
years and is currently the group’s Technical 
Manager for the Department of National 
Defence’s DEW Line Clean-up Project. 


The Environmental Sciences Group (ESG) 
has collected in excess of 1 000 paint and 
concrete samples from ten different Distant 
Early Warning (DEW) Line sites across the 
Canadian Arctic. These facilities are slated for 
demolition as part of the Department of 
National Defence’s DEW Line Clean-up Project. 


PCBs have been found in paint in most of 
the facilities and in concrete where paint 
containing PCBs has been added to form a non- 
skid surface. The PCB concentrations vary 
greatly but can generally be related to building/ 
room usage. This information will be 
summarized in order to clearly identify the 
scope and extent of PCB contamination in the 
structural facilities at these sites. 


Technical Issues Related to Industrial 
Landfills in the Arctic 


Alan MacDonald 

HYCAL Environmental Sciences 
1338 R 36 Avenue NE 

Calgary, Alberta T2E 6T6 


Mr. MacDonald’s presentation will briefly 
examine the major technical issues related to the 


. long-term stability of DEW Line landfills. A case 


study from Horton River (BAR-E) landfill will be 
presented for consideration. Monitoring 
considerations related to landfills will be 
presented. 


The Availability of PCBs from PCB- 
Containing Paint 


Dr. W.R. Cullen 

Chemistry Department 
University of British Columbia 
Vancouver, B.C. V6T 1Z1 


Dr. William Cullen was appointed to the faculty 
of Chemistry at the University of British 
Columbia, Vancouver in 1958. He is a member 


of the American Chemical Society, a fellow of 
the Chemical Institute of Canada, and a fellow 
of the Royal Society of Canada. His current 
research interests involve many aspects of the 
biogeochemistry of arsenic and antimony, the 
microbial degradation of PAH’s and other 
organic contaminants, and the development of 
analytical methodology for the identification of 
metabolites. He is Chair of the Environmental 
Chemistry Group at UBC and Associate Editor 
of Applied Organometallic Chemistry. 


When samples of PCB-containing paint are 
heated to 70°C, small amounts of PCBs, mainly 
the 3-5 congeners, are released into the air. At 
400 °C the rate of release is increased, but the 
trapped volatiles do not contain any chloro- 
benzodioxins or furans. These and similar 
studies at other temperatures will be described 
in detail. Related results from leaching studies 
(SWEP procedure involving acetic acid) of PCB- 
containing paint samples will be presented. 
These studies, which are designed to mimic the 
landfill environment, reveal little movement of 
PCBs from the paint. 


Can Biotransformation Affect PCBs in 
Paint? 


Dr. Bill Mohn 

Department of Microbiology 
University of British Columbia 
#300 - 6174 University Blvd. 
Vancouver, B.C. V6T 1Z3 


Bill Mohn earned his B.A. in Biology at Colgate 
University and his Ph.D. in Microbiology at 
Michigan State University. He was a Research 
Associate at the National Research Council of 
Canada in Ottawa and a Visiting Scientist at 
Agriculture Canada in Ottawa. Since 1993, he 
has been a Professor in the Department of 
Microbiology and Immunology at the University 
of British Columbia. He is also a faculty member 
of the Pulp and Paper Centre at UBC. Bill 
Mohn’s research is on microbial degradation of 
pollutants. One project involves development of 
technologies for bioremediation of PCBs and fuel 
contaminating soil at Arctic sites. Another 
project involves biological treatment of resin 
acids which are toxic compounds occurring in 
pulp and paper mill process waters. His 


research activities encompass biochemistry, 
microbial ecology, classical microbiology and 
bioengineering. 


A large body of research addresses PCB 
biotransformation. However, no studies have 
addressed the potential for biotransformation of 
PCBs to destroy, modify or mobilize PCBs in 
paint. From an ecological point of view, painted 
surfaces are a very poor environment for 
biodegradative activities. Very important, but 
poorly understood, aspects of PCB metabolism, 
relevant to the fate of PCBs in paint, are the 
potential for biomobilization of PCBs and 
uptake of PCBs by microorganisms. Wood 
decompo-sition is probably relevant to the fate 
of PCBs in paint. 


Wood is commonly degraded by fungi 
using a very non-specific degradative 
mechanism involving aromatic free radicals. 
This degradative system has been shown to 
modify PCBs. Thus, decomposition of painted 
wood might be accompanied by PCB 
biotransformation which might both destroy 
PCBs and release PCB metabolites. PCB 
biotransformation has the potential to affect 
PCBs in paint, but we lack direct knowledge of 
such biotransformation. 


Applicability of Permafrost Affected Soils to 
the Containment of PCB’s Contaminated 
Solid Waste 


Dr. T.L. White 

Geotechnical Sciences Laboratory 
Carlton University 

1125 Colonel By Drive 

Ottawa, Ontario K15 5B6 


Dr. Les White has been a research professor 
with the Geotechnical Sciences Laboratory at 
Carleton University since 1995. Prior to that 
time he was a Project Manager/Leader with the 
Institute for Research and Construction at the 
National Research Council. His main areas of 
research are permafrost science, soil science, 
thermodynamics of freezing soils, transport 
modeling of contaminants in permafrost and 
micromor-phological studies of contaminants in 
permafrost affected soils. 
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The use of permafrost affected soils 
(Cryosols) has been proposed as a method of 
containment for PCB contaminated demolition 
waste. The solid waste generated by the 
decommissioning of structures situated on 
Canada’s Distant Early Warning (DEW) Line 
sites will be entombed in unlined landfills found 
on continuous permafrost (80% of area 
underlined by permafrost). The contaminated 
wastes are to be covered by a layer of granular 
fill of suitable thickness to promote the 
aggregation of the permafrost table. 


The continuous permafrost zones of 
northern Canada is characterized by Cryosolic 
soils which have developed from a wide range 
of parent materials to produce periglacial lands- 
capes. In some zones of continuous permafrost 
cryogenic processes led to cryoturbation of 
Turbic Cryosols which produces mixing and 
distortion of soil horizons. Cryoturbated soils are 
usually associated with unstable patterned 
ground features such as earth hummocks, 
polygons, nets and circles. 


The thermodynamic conditions within 
cryosols at temperatures below 0°C are such 
that there is continuous translocation of water 
and ice and the displacement of soil particles. 
The dynamic nature of cryosols express itself in 
microstructural changes such as particle sorting, 
accumulation and aggregation which take place 
as a function of cryogenic processes (freeze- 
thaw cycles). 


The placement of granular fill over 
contaminated solid waste which rests on the 
surface of cryosols can set in motion a sequence 
of changes, first at the microstructural level then 
at the level of the macrostructure properties 
such as thermal and hydraulic conductivity. 


Alteration of cryosol micro- and 
macroscopic properties will occur if granular fill 
thickness prove to be inadequate. Should the 
engineered embankments prove to be too thin it 
is envisaged that terrain disturbances will occur. 
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Degradation of the permafrost characterized by 
Static Cryosols, may in turn affect the relative 
mobility of weathered particles generated from 
paint chips rich in PCBs. The relative mobility of 
PCB rich particles in Turbic Cryosols 
characterized by clay size particles (>20%) 
would however be low due to the strong 
absorption by this Cryosol type. 


Extraction and GC/ECD Analysis of PCBs in 
Dried Paints 


Michael Welsh 

HRDS, Industrial Hygiene Laboratory 
Building 18, Tunney’s Pasture 
Ottawa, Ontario K1A 0J2 


Mr. Welsh works with Human Resources 
Development Canada as an Industrial Hygiene 
Lab Technologist. He has been with HRDC for 
seven years. He has professional certification as 
an industrial Hygienist and as a Registered 
Occupational Hygienist. Mr. Welsh’s main areas 
include analytical chemistry and methods 
development. He works on projects that are PCB 
and WHMIS related, and has produced 
documents on PCBs in paints on railcars. 


In the past, PCBs were added to paints as 
plasticizers and antifoulants. In the process of 
curing, a paint to which PCBs were added may 
effectively trap the PCBs making analytical 
extraction difficult. Dispersed within a 
polymerized matrix in this way, the PCBs may 
prove refractory, particularly in durable, two- 
component paint systems such as epoxies and 
urethanes. This paper will review the past use of 
PCBs in paints, and describe an efficient solvent 
extraction system developed for the analysis of 
PCBs in dried paints by Gas Chromatography 
with Electron Capture Detection. Results of the 
analysis of a number of railcar paint samples 
will be presented. 


Landfills in the North 


Art Washuta 

UMA Engineering Ltd. 
17007 -107 Avenue 
Edmonton, Alberta T5S 1G3 


Art Washuta is Manager of Special Projects and 
a Principal of UMA Engineering LTD in 
Edmonton. He received a B.Sc. in civil 
engineering from the University of Alberta in 
1973. Mr. Washuta’s northern engineering 
experience includes the short range radar 
project in the Yukon and Western Northwest 
Territories, the forward operating location at 
Inuvik and since 1992, Mr. Washuta has been 
UMA’s Project Manager for the DEW Line 
Clean-up Project. UMA has worked closely with 
ESG at the RMC as well as Queen’s University 
on DND and DIAND clean-up projects in the 
FxUCtic. 


UMA is experienced in landfill design and 
construction for military clean-up projects in the 
North. It is useful to provide some background 
on the rationale for selecting a landfill location, 
emphasizing non-hazardous materials such as 
site debris, steel, wood, concrete etc. It is 
important to minimize disturbance to the 
natural ground, permafrost cover material. 
Design criteria should include berms of suitable 
granular material, debris should be cut into 
manageable pieces for placement in landfill and 
partial freeze back of contents should be 
encouraged. It is critical that construction be 
completed by a qualified contractor with proper 
equipment and good supervision. It is also 
critical that inspection and Q/A are provided 
during construction. 


Assessing the Environmental Impact of 
Landfilling PCBs - A Regulatory Perspective 


Mr. Don Helfrick 
Environmental Protection Service 
600, 5102-50" Avenue 
Yellowknife, NT X1A 358 


Mr. Helfrick is a Hazardous Waste Specialist 
with the Environment Protection Services of the 
Government of Northwest Territories. He has 
held his position for nine years. Prior to that 
Mr. Helfrick was with the Saskatchewan 
Environment in the Lands Protection Branch. 
He assists, directs and regulates hazardous 
waste in the NWT. He prepares guidelines and 
regulations and conducts training to 
communities on hazardous waste. He has 
recently developed a hazardous waste training 
course for the Aurora Arctic College. 


The Northwest Territories’ Environmental 
Protection Act controls discharges into the 
environment or unless given authority by 
another regulatory body. Landfilling standards 
are outlined in the Guidelines for Industrial 
Waste Discharges, the purpose of which is to 
protect the municipal infrastructure and the 
environment. PCB disposal has taken a risk- 
based approach to landfilling where landfills 
must be well engineered and well operated with 
regimented monitoring. A risk-based approach 
may be an appropriate Northern solution 
however regulatory limits must be based on 
sound science so that the environment is 
protected. 
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1.0 Purpose and Objectives 


Indian and Northern Affairs Canada (INAC) 
and the Department of National Defence (DND) 
are responsible for the decommissioning and 
clean-up of a total of 42 Distant Early Warning 
(DEW) Line sites across northern Canada. PCB- 
amended paints were used extensively 
throughout these installations to coat wood, 
concrete, metal, drywall and other structural 
surfaces (Washuta and Schulz, 1998). Typically, 
all exposed and unexposed surfaces (including 
sheathing and framing materials, plywood, etc.) 
were painted. The estimated volume of painted 
building materials and debris totals 
approximately 38 000 m? (Stones, 1998). 


INAC, DND and Environment Canada 
(EC) must determine if landfilling of these 
building materials and debris on-site at each of 
the DEW Line installations is a viable and safe 
waste management option. O’Connor Associates 
Environmental Inc. was commissioned by 
Environment Canada to prepare a discussion 
paper on specific technical issues requiring 
consideration and resolution before the 
feasibility of landfilling of PCB-painted 
demolition debris can be determined. 


Issues are identified in the form of 
questions which will form the basis for 
discussion and consensus during the workshop. 
For each identified issue, the available 
information which was available and 
considered relevant was summarized. Also 
indicated are apparent data gaps which may 
need to be addressed before a decision can be 
taken on the feasibility of landfilling of materials 
coated with PCB-amended paints. 


This discussion paper does not draw 
conclusions regarding the feasibility of 
landfilling of DEW Line site construction and 
demolition debris. Participants of a planned 
workshop will resolve the feasibility of 
landfilling of this waste, or determine what 
research may be required to answer this 
question authoritatively and defensibly. 
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2.0 Introduction 
2.1 Use of PCBs in Paint 


To what extent were PCBs used as a component 
of paints? 


PCBs are no longer used as an ingredient in 
paints (De Mers, 1993; Proctor and Redfern, 
1997). In the past, however, PCBs had been 
incorporated as a component of numerous 
construction materials (Cathum, 1996) including 
paints, sealants, plaster-cement used for 
prefabricated wall and ceiling surfacing 
materials, concrete caulking materials, asphalt 
and other bitumous materials, and decorative 
tiles. 


The use of PCBs in paints, coatings and 
sealants has been reviewed and summarized by 
Proctor and Redfern (1997) and by Welsh 
(1993). According to available, historic 
documentation, PCBs were a common 
ingredient of premium industrial paints from the 
1940's through the mid to late 1970’s. PCBs may 
have been added directly to the paint to increase 
durability and flexibility, improve resistance to 
fire damage and increase moisture resistance. 
Alternatively, PCBs may have been a component 
of resins subsequently employed in paint 
formulation. Certain paints may have contained 
up to 10% PCBs by weight. PCB-amended 
paints were also applied to ship hulls for anti- 
fouling properties. Such paints typically 
contained up to 30% PCBs. However, these 
latter paints were designed specifically for anti- 
fouling (pesticidal) properties unrelated to 
typical commercial, industrial or residential 
surface coating applications. 


There are only limited data available 
regarding the use of, or range of concentrations 
of, PCBs in paints manufactured in Canada 
between the 1940’s and mid 1970's. 
Representatives of Canadian paint companies 
and industry associations could provide no data 
or information on this issue (Proctor and 
Redfern, 1997). According to Mr. H. Ashton, 
formerly of the Building Research Division of the 
National Research Council of Canada, PCBs 
were only added to chlorinated rubber paints 


designed for painting and sealing concrete 
surfaces such as swimming pools and floors 
(Ashton, 1998). PCBs imparted improved 
flexibility to the dried rubber paint. This suggests 
that the pattern of PCB use in paints may have 
been more limited in Canada than elsewhere, 
and there may not be a larger (national) 
problem concerning the management of 
construction and demolition wastes if, in fact, 
industrial, commercial and residential paints 
used in Canada were not generally amended 
with PCBs. However, surveys of PCB levels in 
paint on rail cars have demonstrated generally 
widespread use in that specific application, 
apparently dating to the 1950’s but peeking in 
concentration in the paint in the 1960’s (De 
Mers, 1993). Data on PCB levels in other paints 
and paint applications were not located. It is 
likely that PCBs were used in other types of 
paints but surveys of PCBs in other paints and 
applications have not been conducted in 
Canada. 


Construction of DEW Line sites was 
carried out by the United States military and, 
therefore, it is likely that the paints employed 
there originated in the U.S. and are not 
necessarily representative of typical Canadian 
paint stocks and supplies. 


Data Gap: Survey of PCB concentrations in 
paint samples collected from 
residential, commercial and 
industrial buildings, building 
materials, etc., to quantify the 
extent of PCB contamination of 
paints on building materials in 
Canada; paint samples could be 
collected from demolition and 
renovation debris destined for 
landfill. 


2.2 Use of PCB-Amended Paint at DEW 
Line Sites 


To what extent were PCB-amended paints used 
at Canadian DEW Line sites? 


PCBs were first discovered in association with 
indoor painted surfaces when swab tests were 
conducted at some DEW Line installations to 


investigate the hypothesis that PCBs escaping 
from electrical equipment may be adsorbed to 
indoor building surfaces (Reimer, 1998a; Reimer 
et al., undated). Subsequently, paint chip 
samples were inadvertently submitted to PCB 
extraction and analysis, where upon PCB 
contamination was found (Reimer, 1998a). Since 
that first discovery, approximately 1 000 paint 
chip samples have been submitted to PCB 
analysis with concentrations ranging up to 
74,000 ug/g (7.4% by weight) (Reimer, 1998a; 
Reimer et al., undated). This latter level of 
contamination is in general agreement with the 
PCB content reported for oil-based paints 
manufactured between the 1950’s and mid 
1970's (i.e., up to 10% by weight) (Proctor and 
Redfern, 1997). 


It is not known whether painting was 
undertaken to increase moisture resistance, or 
for some other purpose. However, virtually all 
construction materials were painted at DEW 
Line sites (Stones, 1998). Where two surfaces 
were to be bonded or fixed together (such as 
sheathing and/or framing material) the 
components were generally completely painted 
before being joined (Stones, 1998). This lead to a 
considerable mass of PCBs being administered in 
paint. The estimated total mass of PCB in the 
painted materials at least one DEW Line site 
have been estimated, but the exact estimated 
quantity was not available (Reimer, 1998a). It is 
anticipated that there is a greater total quantity 
of PCBs contained in the paint used throughout 
the 42 DEW Line sites than is contained in the 
contaminated soils at these same sites (Reimer, 
1998a). 


Data Gap: None; adequately surveyed by the 
Environmental Sciences Group, 
Royal Military College. 


3.0 Rate of Physical Degradation of 
Paints in the Artic 

Will the paint at DEW Line sites degrade 

naturally and release volatile PCBs and/or paint 


dust and particulates contaminated with PCBs? 


Paint at abandoned/inactive DEW Line sites is 
usually found to be cracked and peeling (Reimer 
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1998a). However, the condition of the paint 
depends on duration since last maintenance 
and/or occupation. No data were located 
regarding rates of physical breakdown 
(cracking, peeling, flaking, etc.) or chemical 
breakdown of oil-based paints. Physical 
deterioration may result from expansion and 
contraction of building materials with 
fluctuating temperatures and ultimately lead to 
release of particles of paint in the form of flakes 
or dust. Chemical breakdown may result in 
increased rates of volatilization of PCBs as the 
chemical bonds holding the PCBs in the paint 
matrix deteriorate. 


The National Research Council of Canada 
(NRCC) maintained a number of test sites where 
paint samples were exposed to the elements and 
monitored for performance and decomposition. 
One of these sites was at Norman Wells in the 
Northwest Territories (Ashton, 1998). The 
primary factor influencing the performance, 
longevity and degradation of paint (whether oil- 
based or latex-based) is exposure to ultraviolet 
(UV) radiation (Ashton, 1998). UV radiation 
levels in the Arctic were insufficient to cause 
significant deterioration of paint samples at the 
NRCC test site (Ashton, 1998). The only factor 
resulting in degradation at the Arctic site was 
direct, physical damage to the painted surface. 


As a result, it is unlikely that the paint 
would rapidly or significantly chemically 
degrade, thereby enhancing the rate of PCB 
volatilization. Also, it is unlikely that physical 
degradation would produce particulate matter 
fine enough (i.e., 10 um aerodynamic diameter) 
to present an inhalation risk. Physical damage 
during demolition is the most likely mechanism 
by which PCB-amended paint would be broken 
up into particulate matter and distributed about 
the DEW Line site and surrounding 
environment. However, the paint at DEW Line 
sites generally stayed flexible (Reimer, pers. com. 
cited in Lawuyi and Fingas, 1997) and, 
therefore, would resist crumbling and 
disintegration. 
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Data Gap: Rate of physical and chemical 
degradation of PCB-amended paint 
samples, particularly under Arctic 
conditions of temperature and UV 
radiation. 


4.0 Rate of Release of PCBS from 
Painted Materials 


4.1 Volatilization from Paint 


Do PCBs volatilize from dried paint? 


No data are yet available to quantify the rate of 
volatilization of PCBs from paint at DEW Line 
sites. Tests conducted at 70 °C have 
demonstrated a generally low rate of 
volatilization of the lower chlorinated (less than 
6 chlorine atoms) PCB congeners from paint 
chip samples (Reimer et al., undated). However, 
experimental methods and quantitative data 
were not reported. Studies also suggest that the 
rate of volatilization of PCBs from paint is 
temperature dependent, being much greater at 
400 °C than at 70°C (Reimer et al., undated; 
Reimer, 1998a). Additional studies are being 
considered to evaluate the rate of volatilization 
of PCBs from paint samples at low temperatures 
such as might be encountered in the Arctic and, 
particularly, in a landfill contained within the 
permafrost (Reimer, 1998b). 


Data Gap: Rate of volatilization of PCBs from 
paint chip samples at various 
temperatures. 


4.2 Swab Sample Analysis 


Can PCBs be picked up by simply swabbing 
painted surfaces? 


PCBs can be detected in swab samples collected 
from the surface of walls coated with PCB- 
amended paints. Hexane is used as a solvent for 
these swab tests. Results of approximately 

100 swab tests demonstrate that PCBs are 


detectable in approximately 25% of the samples. 
Quantities of PCBs collected in swab samples 
appear to range from below detection limit to 
about 250 ng/swab (ESG, undated). Data were 
not available to determine the mass of PCBs per 
unit surface area. 


No tests have been conducted to determine 
if PCBs can be detected in swab samples using 
water as a solvent, or when using dry (solvent- 
free) swabs. These conditions would be of 
greater relevance to the assessment of exposure 
and risks posed to occupants of a DEW Line site 
installation. 


No PCBs are detected in swab samples 
collected from surfaces that have been re- 
painted (over older PCB-amended paint) with 
PCB-free paint (Reimer, 1998a). Therefore, the 
new paint coating provides a physical/chemical 
barrier to the migration of PCBs out of older 
PCB-amended paint. 


Insufficient data have been collected to 
determine if swab test results correlate with the 
concentration of PCBs in the underlying paint 
being swabbed. Only three swab samples have 
been collected from surfaces where the 
underlying paint had also been analysed for its 
PCB content (Reimer, 1998a). 


Data Gaps:Quantification of PCBs in swab 
samples per unit surface area 
swabbed (e.g., ug Hg/cm’) (these 
data may be available from ESG, 
RMC). 


Conduct swab sampling with 
water as solvent and with dry 
swabs to collect data more 
relevant to risk assessment. 


Collect data to permit possible 
correlation of swab test results 
with paint chip analyses for future 
ease of data collection (if it turns 
out that swab sampling is a good 
predictor of concentration of PCBs 
in paint). 


4.3 Leaching of PCBs from Paint 
Will PCBs leach out of dried paint? 


The leachability of PCBs from demolition waste 
will be a key factor in determining the feasibility 
of landfilling painted demolition debris at DEW 
Line sites. A variety of DEW Line site demolition 
debris samples have been subjected to leaching 
tests according to methods defined by the 
Ontario Ministry of Environment (Reimer et al., 
undated). Recently, additional samples have also 
been tested (Reimer, 1998a). The leachability of 
PCBs from these painted debris is generally low, 
with the concentration of PCBs in leachate at or 
below 4 ng/L (ppb) (Reimer et al., undated). 


Data Gap: Rate of leaching of PCBs from 
paint samples at various 
temperatures (these data may 
already be available from the ESG, 
RMC). 


4.4 Indirect Evidence of Release of PCBs 
from Demolition Debris 


What other information provides evidence for or 
against PCBs leaching from paint? 


Paint is a common component of construction 
and demolition debris (ICF, 1995) which is 
typically deposited in non-hazardous landfills, 
or in specific construction and demolition waste 
landfills. Indirect evidence of the (likely) low 
rate of leaching of PCBs from painted 
demolition and construction debris is offered by 
a study from the U.S. EPA (ICF, 1995) which 
reported the analysis of leachate samples 
collected from 10 demolition and construction 
waste landfill sites. At ten sites, the Aroclors 
1016, 1221, 1232, 1242, 1248, 1254 and 1260 
were analysed in leachate samples but were 
never detected above the method detection 
limits (DL varied between sites, ranging from 
0.056 to 19 pg/L). The PCB mixtures 
investigated included those with lowest 
chlorination and, therefore, the most water 
soluble of the Aroclors. If PCBs were migrating 
from these landfill sites in leachate, it is these 
lower-chlorinated PCBs that would be most 
likely to be present. 
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Some indirect evidence also exists to 
suggest that PCBs can migrate from areas of 
Arctic contamination but soil rather than paint 
appears to be the source (Reimer, 1998b). PCBs 
have been found at concentrations above 
background levels in soils and plants collected at 
distances of 20-30 km from point sources in the 
Arctic. The congener “fingerprint” can 
unequivocally identify the source as being a 
DEW Line site. The similarity of the congener 
fingerprint indicates that soils, and not paint, 
are the source. There would be a greater 
concentration of low molecular weight, more 
volatile, congeners if the PCBs were volatilizing 
from paint. Thus, both concentration and 
composition rule out global (i.e. long-range) 
transport mechanisms. It has been calculated 
that the local source accounts for 85% of the 
PCB loading within the zone of influence, or 
“ehalors 


PCBs do volatilize from and migrate from 
hazardous (Hermanson and Hites, 1989) and 
sanitary (Murphy et al., 1985) landfills. Ambient 
temperature appears to have a major influence 
on this volatilization/migration (Hermanson 
and Hites, 1989); emissions increase as ambient 
temperature increases. Emission from sanitary 
landfills (which often receive “non-hazardous” 
construction and demolition waste) appears to 
be reasonably constant when normalized to 
methane production (Murphy et al., 1985). This 
may reflect the role of microbial activity in the 
biodegradation of higher chlorinated PCBs to 
lesser chlorinated and more volatile PCB 
congeners. This may also reflect the role of 
microbial activity in heat production; higher 
microbial activity (evidenced by increased 
methane production) would result in higher 
landfill temperatures which enhances PCB 
volatilization. 


Data Gap: None; better to collect data of 
direct relevance to the issue. 
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5.0 Environmental Transport, 
Migration and Degration 
Processes Affecting PCBs 


5.1 Water Solubility 
Are PCBs soluble in water? 


PCBs are hydrophobic with relatively low water 
solubility (ATSDR, 1995). Water solubility varies 
among Aroclor mixtures (ATSDR, 1995), and 
congeners (Dickhut et al., 1986) with water 
solubility decreasing as degree of chlorination 
increases. Water solubility is also strongly 
influenced by temperature (Dickhut et al., 1986, 
1987), decreasing as temperature decreases. 


This suggests that leaching would favour 
the lower chlorinated congeners but that 
solubility would be significantly limited at the 
temperatures likely to be encountered in a 
landfill situation, particularly if the landfill is 
placed into the permafrost (see section 6.0). 


Data Gap: Solubility of PCBs over a range of 
temperatures including near 0 °C, 
and over a range of water 
chemistry, including that common 
for groundwater and for surface 
infiltration water in the Arctic. 


5.2 Volatility 
Do PCBs volatilize? 


PCBs have relatively low volatility, with the rate 
of volatilization decreasing with increasing 
chlorination (Hutzinger et al., 1974). 
Volatilization is also reduced at lower 
temperatures (Haque et al., 1974). No data were 
located on the rate of volatilization of PCBs at 
temperatures approaching or less than 0 °C. 
However, it is anticipated that volatilization 
would be extremely low at such low 
temperatures. 


Data Gap: None; most relevant to measure 
PCB volatilization directly from 
paint samples (see 4.1 above). 


5.3 Adsorption 
Do PCBs adsorb to particulate matter? 


PCBs adsorb strongly to soils. The degree or 
strength of adsorption increases with increasing 
chlorination (Lee et al., 1979; Haque and 
Schmedding, 1976). Adsorption is also strongly 
influenced by soil characteristics, generally 
increasing as the organic carbon content of the 
soil matrix increases (Lee et al., 1979; Haque and 
Schmedding, 1976; Haque et al., 1974). 
Therefore, the nature of Arctic soils and any 
imported fill material will significantly influence 
the potential for entrapment of PCBs within 
proposed landfills; entrapment within the 
landfill will be enhanced with higher levels of 
organic carbon. 


Data Gap: Quantification of the degree or 
extent of adsorption of PCBs in 
Arctic soils. 


5.4 Biodegradation 
Do PCBs biodegrade? 


Complete biodegradation (mineralization) of 
highly chlorinated organic compounds generally 
requires anaerobic (methanogenic) microbial 
dechlorination followed by aerobic polishing 
(Murray and Richardson, 1993). The same is 
true for PCBs (Reimer, 1998a). Arctic soils do 
harbour organisms capable of anaerobic 
(Reimer, 1998a) and aerobic (Mohn et al., 1997) 
biodegradation of PCBs. Therefore, the potential 
exists that any PCBs migrating from landfilled 
demolition debris into local soils will undergo 
some biodegra-dation. The extent of microbial 
activity and subsequent biodegradation under 
local Arctic conditions is unknown at this time, 
although it is likely to be negligible except, 
perhaps, for the short summer season. 


Data Gap: Rate of aerobic and anaerobic 
biodegradation in Arctic soils under 
typical ambient conditions. 


6.0 Migration of Hydrocarbon 
Contaminants through 
Permafrost 


Will leachate containing PCBs migrate through 
frozen soil? 


No studies were located which investigated the 
rate of migration of PCBs or other chlorinated 
organics, either in leachate or as pure product, 
through frozen soil. However, studies have been 
conducted to investigate the rate of migration of 
petroleum hydrocarbons and other 
contaminants through frozen soil (GSL, 1994). 
In this study, the vertical migration of 
hydrocarbons through soil was investigated 
with regard to repeated cycles of freezing and 
thawing. In this study the “movement through 
frozen soil of (hydro-carbons) was found to 
occur at rates much higher than expected.” 
One mechanism for this movement was thought 
to be freezing point depression caused by the 
contaminants, thus lengthening the duration of 
the thawed period during which water soluble 
contaminants could migrate in soil pore water. 
Another postulated mechanism was the 
migration of hydrocarbon products through 
fissures and spaces in the soil which were 
created as the soil froze (GSL, 1994). 


Based on these laboratory studies with 
frozen soil, it would appear at least plausible 
that hydrocarbon contaminants might migrate 
slowly from landfills placed in permafrost if a 
contaminated leachate can form. However, the 
rate of migration cannot be estimated with 
available information. 


Data Gap: None, but some form of site 
monitoring may be warranted to 
detect leachate and/or detect 
leachate migration. 
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7.0 Landfill Design in Arctic 
Environments (Permafrost) 


What characteristics should landfills have to 
prevent PCB leaching and migration away from 
the site? 


Designs for proposed landfills to dispose of 
demolition debris at DEW Line sites are 
proprietary to UMA Engineering of Edmonton, 
AB (Martel, 1998). Therefore, specific details are 
not readily available. It has been proposed that 
construction debris (including painted materials) 
be disposed in isolated landfills which will not 
receive any other waste, particularly no organic 
refuse (Washuta and Schultz, 1998). This will 
minimize biodegradation of the paint, PCBs and 
other demolition debris, thus limiting the 
production of lower chlorinated PCBs which 
would have a greater tendency to leach and/or 
volatilize from the site. The absence of organic 
wastes will also minimize the heating effect of 
microbial activity, thereby reducing the influence 
of temperature on PCB volatilization. 


The contact of debris with the permafrost 
may also result in “freeze back” whereby the 
debris is infiltrated by the permafrost, resulting 
in a constant, below-zero temperature in the 
landfill. This will also reduce the likelihood of 
biodegradation and/or migration of PCBs. 
Permafrost is generally impermeable to water. 
Therefore, any leachate that may develop within 
these landfills, if not frozen, is unlikely to 
migrate from the site. 
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According to UMA (Washuta, 1998), the 
general construction procedure for new landfills 
is to provide containment berms at the perimeter 
of the landfill. These berms provide a barrier 
against which the waste materials can be 
compacted. The thickness of the waste lift will 
be limited to one metre in order that all voids 
within the waste can be filled with intermediate 
cover. 


The final cover on the landfill will consist 
of a minimum of 0.75 m depth of compacted 
granular fill. This depth of the effectively 
compacted cover is considered adequate to 
minimize the potential for debris to be exposed 
as the result of settlement of materials within the 
landfill. The surface of the landfill will be graded 
to promote surface water run-off and to 
minimize surface infiltration and erosion. Site 
grading operations will focus on reshaping and 
regrading disturbed areas to blend in with 
natural contours (Washuta, 1998). 


It has also been proposed that wells can be 
installed to provide routine monitoring of 
leachate (Washuta and Schulz, 1998). However, 
as mentioned above, leachate is unlikely to 
migrate from the site since infiltration of 
precipitation will be limited by grading. Also, 
any leachate would likely freeze when in 
contact with permafrost, and the permafrost is 
generally impermeable. 


Data Gap: Data demonstrating or confirming 
negligible leachate formation in, 
and/or negligible leachate loss from, 
landfills specifically designed to 
hold demolition waste under Arctic 
conditions. 
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APPENDIX D 
WORKSHOP DISCUSSION POINTS 


What is the potential for the release of 
PCBs from paints? Will the paint at DEW 
Line sites degrade naturally and release 
volatile PCBs or PCB-containing particles? 


e The major factor in the breakdown of 
paints in the Arctic is direct, physical 
damage to painted surfaces including to 
a lesser extent, wind and weather 
erosion. Physical damage during 
demolition is a possible mechanism for 
PCB-amended paint to be broken into 
particulate matter and distributed into 
the surrounding environment. However, 
due to the properties of the paint and the 
addition of PCBs, the paint at DEW Line 
sites is generally flexible. Although the 
paint has been observed to flake and 
peel, it should resist crumbling and 
disintegration to a point that would 
facilitate uptake by local flora and fauna. 
It is important to note that the physical 
breakdown of paint into flakes and chips 
does not release PCBs from the paint 
matrix. 


¢ Exposure to UV radiation is a primary 
factor influencing the longevity and 
chemical degradation of paint. In the 
Arctic, UV radiation levels may be too 
low to significantly contribute to the 
release of PCBs from paint. A residual 
organic matrix remains even when paint 
breakdown occurs. 


e There are PCB halos around all the DEW 
Line sites but this is likely resulting from 
other PCB sources such as transformers. 
Painted surfaces or chips in direct 
contact with the ground do not release 
PCBs to the soil. If paint did release PCBs 
lighter end PCB congeners would have 
been found in the soil, however these 
congeners were not evident in the halos. 


¢ PCBs were found at the base of exterior 
walls but remained contained within 
paint flakes. Some part of the halo effect 
could potentially be attributable to paint, 
however, if this was a significant 
contributing factor PCB contamination 
would be uniformly distributed around 
the buildings. This is not the case. 


¢ The primary mechanism for the 
movement of PCB painted materials is 
the breakdown of paint chips into 
fragments which can then be carried by 
wind and water. After 35 years, PCBs 
migrated only 20 metres away from the 
site. As a result, dispersal levels of PCBs 
from paints in landfills will likely be 
lower than dispersal from other sources 
including the environment in general. 
Physical breakdown of paints does not 
change the physical composition of the 
paint. Leachate tests indicate low PCB 
availability, but there will be some 
migration of paint particulate matter 
causing the release of PCBs from the site. 


In general, the potential for PCBs to be 
released from paints and for degradation of 
paints is very low. The rate of release is 
dependent on disposal methods and 
therefore, proper storage and containment is 
required. Landfilling of painted materials 
will substantially reduce the rate of PCB 
release, degradation and dispersal. Although 
landfilling is not a current method of 
disposal, the landfilling option is viable with 
qualifications and conditions. Landfilling 
will help to slow this process and limit the 
amount of paint chips in the environment. 
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Questions arising from the 
discussions 


1. What is the fate of wood in Arctic landfills 
and how will white rot fungus affect the 
wood? 


2. How will freeze-thaw cycles affect the 
wood and ultimately the stability of the 
landfill? 


3. If landfilling is a feasible option, what 
features should landfills located in cold 
temperatures and arctic environments have 
to prevent PCB leaching and migration 
from the site? 


Design 


There was much discussion as to the necessary 
design criteria for landfilling PCB-amended 
painted materials in the North. It was agreed by 
all participants that the landfills be designed by 
a professional engineer with experience in 
northern climates. The following list is 
comprised of suggestions made during the 
workshop and is not necessarily complete nor 
does it reflect consensus among participants. 


* Landfills for storing PCB-amended painted 
materials must be of a design strategy that 
can accommodate all or many of the sites; 

* where possible, existing landfill or dump 
sites should not be used due to the current 
poor or unknown state of many landfill sites. 
Existing landfill or dump sites should not be 
used unless a proper assessment is 
performed; 

* a suitable risk assessment is required and 
design considerations must be appropriate if 
existing landfills are to be extended; 

* landfills must consider site specific factors 
such as geology, permafrost, topography and 
future land use both in the design phase and 
in site selection; 

¢ drainage pathways, watercourses and 
surface water must be avoided; 

* paints will outlive subsurface liners and so 
liners are not necessary in most cases; 

¢ location and contents of landfills must be 
documented; 
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¢ landfilled materials must be separated and 
documented; 

* materials should be segregated vertically 
with higher PCB concentration painted 
materials on the bottom; 

¢ infrastructure should be demolished in large 
pieces to reduce paint chipping during 
demolition; 

* no organic material other than painted 
wood should be landfilled; 

¢ minimize microbial activity as this could 
destabilize the landfill; 

* no co-disposal with petroleum or organic 
solvents; 

¢ material should be landfilled within the 
permafrost and below the active layer when 
possible; 

¢ the landfill design should minimize 
permafrost disturbance; 

* encourage freeze back; 

* minimize water infiltration; 

* minimize the outflow of paint particles; 

¢ grade to a slope of 3-1 or 4-1 depending 
upon available materials; 

¢ provide a vegetative layer or a soil layer to 
promote stability; 

* mitigate wind erosion by the use of 
vegetative cover, rock cover, mats, mesh wire 
etc.; 

* match the surrounding environment for 
slope and contour, to limit the potential for 
erosion and maintain landscape integrity; 
and 

¢ discourage wildlife. 


Monitoring 


There was consensus among participants that if 
PCB-amended painted materials are to be 
landfilled, then a monitoring program would 
have to be established. It was suggested that a 
committee be formed to determine monitoring 
criteria such as monitoring interval, duration of 
the monitoring program, and a process for 
action. Suggestions for the monitoring program 
are as follows: 


e Thermal monitoring in the fill is required; 

° visual monitoring for structural integrity; 

* monitor groundwater quality in the active 
layer down gradient; 


biomonitoring of wildlife living on the site to 
determine pathways of potential PCB 
bioaccumulation; 

monitor and sample any outflow; and 

the monitoring institution must be audited. 


Ground squirrels have the ability to 


weaken the structural integrity of the landfill by 
burrowing and denning. They may also provide 
a pathway for bioaccumulation of PCBs. 


Permafrost may work as a sufficient 


barrier against ground squirrels and other 
wildlife. 


4. 


Should PCB-containing landfills be 
isolated from other landfills? 


¢ PCBs are soluble in hydrocarbons, 
therefore it is imperative that painted 
materials not be landfilled where there is 
a potential solvent or hydrocarbon 
source. 


¢ Where possible, PCB-containing landfills 
should be isolated from other landfills. 


To what degree do PCBs from PCB- 
amended paint volatilize? 


¢ Volatility is low to non-existent at 
ambient temperatures. 


¢ At the low temperatures experienced in 
the North, PCB volatilization would be 
below detectable limits and therefore less 
than guidelines. 


e Dr. Cullen’s research has mimicked 1 000 
years of acid rain exposure to pulverized 
paint particles at various temperatures. 
The test represents a worst case scenario 
and not the conditions that exist at the 
sites. Results showed no or insignificant 
leaching with a standard leachate test 
(<0.0013 ppm). Conditions would be less 
favorable for leaching in a landfill. 


¢ PCBs will volatilize by stripping paint 
with solvents or with high temperature. 


¢ There was some question as to the 
reliance of the leachate test and whether 
or not leachate tests accurately reflect 
long-term degradation of paint in 
landfills. 


Are PCBs in PCB-amended paints soluble 
in water? 


¢ PCBs are hydrophobic with relatively 
low water solubility. Water solubility 
decreases as the degree of chlorination 
increases. 


¢ Water solubility decreases as temperature 
decreases. 


¢ Dr. Reimer does not believe that swab 
tests work. His experience has shown 
that swabbing from samples of known 
PCB concentrations do not always lift 
PCBs from the surface of painted 
materials. 


. Will leachate containing PCBs migrate 


through frozen soil? 


¢ Itis unlikely that there will be PCB 
movement from the substrate however, 
permafrost would provide extra safety. 


¢ PCBs are not very mobile due to their 
large size and molecular weight. 


e Permafrost seems to push PCBs out of 
the frost and into the active layer. 


. What is the fate of PCBs in the landfill? 


¢ PCBs are relatively insoluble to water. 


¢ PCBs can not easily escape the paint 
matrix. 


¢ Itis highly unlikely that there will be 
leachate. 
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Microbial activity is low at the 
temperatures experienced in the North. 
Microbes require water and so there is 
more concern if water is entering the 
landfill. 


PCBs, when contained in paints, degrade 
more slowly than when not contained in 
paints. More-chlorinated PCB congeners 
will degrade at lower rates under aerobic 
conditions. 


PCBs contained in paints between the 
walls of the buildings had not migrated 
at all. There was some migration 
however into asbestos. PCBs did not 
migrate from paint into the wood. 


Observed migration of PCBs was from 
physical erosion and transport of PCB 
particles. Thus, migration pathways are 
characterized by the migration of the 
particles to which PCBs adhere. By 
reducing the migration of these particles, 
PCB migration can be diminished. 
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¢ Studies of dispersal suggest that PCBs do 
not migrate far from the site of origin. 
Where there was higher rates of rainfall 
or within active drainage pathways, 
PCBs migrated further, due to transport 
of paint chips or flakes. 


Based on information presented at the 
workshop, the following conclusion was 
reached: Landfilling PCB-amended painted 
materials will reduce erosion of paints and 
painted materials and reduce dispersal of PCB 
particulates. Leachate is not expected to 
penetrate the permafrost unless it contains 
hydrocarbons. Both volatility and solubility of 
PCB-amended paints are reduced in landfills. 
Thus landfilling is a viable option for containing 
PCBs in paints and reducing the chance of entry 
into the environment. The risk of landfilling 
these materials is considered acceptable. It is 
important to recognize, however, that continued 
research is necessary to fill the information gaps 
identified in this document. 
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